In deep mines, two urgent problems are a high temperature thermal environment and solid waste. Filling the goaf with slurry mixed with ice grains is an effective way to solve these two problems simultaneously. The thermal property and mechanical property of the ice-added backfill have a great influence on the cooling effect in the deep mine. In this study, an experimental facility for measuring the temperature distribution of ice-added backfill slurry was established, and the temperature of backfill slurry with different proportions was measured. Then, the thermal properties of temperature distribution and cooling capacity and the mechanical property of uniaxial compressive strength of the backfill specimens were analyzed, and the results indicated the following: firstly, the cooling capacity of ice-added backfill specimens is negatively related with the slurry concentration C and is positively related with the ice-water ratio Ω; secondly, the strength of backfill specimens is affected by the slurry concentration C and ice-water ratio Ω by a contrary law compared to the cooling capacity; thirdly, ice-added backfill slurry with an ice-water ratio Ω of 1:1 has the best mechanical property after solidification. The effects of the slurry concentration and ice-water ratio on the thermal and mechanical properties were analyzed, and the results indicated that the optimum proportion of ice-added backfill slurry is a slurry concentration of 74% and an ice-water ratio of 1:1 in the present research range. This study is significant for the deep mine cooling method with ice-added backfill.
Introduction
Mineral resources are one of the important material bases for social development and progress, and with economic development, shallow mineral resources are being gradually exhausted at present. There are many deep mines in major mining countries worldwide such as South Africa, Canada, Poland, etc., and deep mining is the future [1, 2] . It is predicted that in the future China's mineral resource exploitation will be concentrated in deep mines above 1000 m, and deep mining will become the norm [3] . With the increasing depth of mining, the higher the origin rock temperature, the higher the underground temperature [4, 5] . Since the 1970s, the number of mines threatened by heat hazard has been growing, which has become a widespread problem in mines [6] . China's Technical Specification for Ventilation System of Metallic and Non-Metallic Underground Mine requires that the underground operation site's air temperature should not exceed 28 • C [7] . The heat hazard of the high temperature mines mainly includes two aspects: one is the harm to the physical health of the miner; the other is the impact on the safety production of the mine. The thermal hazard will make the miners suffer from heat stroke and heat cramp [8, 9] . Working for a long time will also make the workers feel uncomfortable, irritated, and suffer eczema and other diseases that will seriously affect the safety production efficiency of the mine [10] . Subsidence can also threaten workers' lives, although the probability of this happening is very small [11] [12] [13] . In addition, the waste stone and tailings produced by mining also cause serious environmental pollution problems [14] [15] [16] .
At present, there are two common ways to deal with the problem of thermal hazard caused by high ground temperature, namely, artificial refrigeration and non-artificial refrigeration [17] . The common non-artificial refrigeration cooling methods include ventilation cooling, heat insulation and individual protection [18, 19] ; the common artificial refrigeration methods are ice cooling, water cooling and cold-heat-electricity cogeneration [20] . However, the non-artificial refrigeration cooling methods are not suitable to be applied to the cooling of deep mines due to their limited cooling capacity [21] . Artificial refrigeration cooling requires large energy consumption in its application, which will bring greater economic pressure to the mine [22] . For the treatment of the mine environment, the method of paste filling mining can be used to prevent collapse and remove the solid waste from mines, which can effectively ensure the safety of mine production [23, 24] .
New technology, combined with filling mining and mine thermal damage control, is very significant for green, safe and efficient mining. Ghoreishi-Madiseh S.A. et al. [25] confirmed the feasibility of applying the novel idea of harvesting geothermal energy from underground mine stopes, indicating that it could create "sustainable mining communities" that can produce inexpensive, clean and renewable energy not only during the mining operation, but also long after mine depletion. Liu Lang [26] et al. proposed the academic concept of "function backfill", and the three concepts of "cold load/storage function backfill", "heat storage and release function backfill" and "cavity-building function backfill" are defined. Wang Mei [27, 28] et al. proposed a method to cool the stope by filling cold load and storage (CLS) phase change material in backfill slurry. This cooling method has the advantages of reducing the investment and operation cost of the mine cooling system, reducing the corresponding management workload and reducing the probability of fire occurrence. At the same time, thermocouples are often used to measure the temperature field in concrete installations [29, 30] . In order to study the distribution characteristics of the internal temperature field of backfill specimens at different ratios, a plurality of temperature measuring points was set in the test mold, the temperature change of backfill specimens in the test mold was monitored and recorded in real time by using the temperature-measuring instrument in this paper, and the law of temperature variation was analyzed to study the cold release and cooling ability of different backfill slurry proportions. At the same time, the uniaxial compressive strength of backfill bodies for different slurry proportions was tested in order to analyze the mechanical properties of ice-added backfill bodies.
Experimental Proportioning
In view of the ice-added backfill mining method proposed in this paper, a performance test scheme of ice-added backfill bodies based on backfill mining was designed. The raw materials used in the test comprised tailings, silicate cement, ice grains and water. The physical parameters of various materials are shown in Table 1 . Copper mine tailings were used as the backfill aggregate, Portland Cement P.O42.5 was used as the binder, tap water was added for preparing the backfill slurry, and some of the water was replaced by ice grains. The size of the ice grains was about 3-5 mm. Slurry concentration C and ice-water ratio Ω are the main parameters affecting the mass of ice in slurry, and they can be calculated by the following equations:
where m t is the mass of tailings, kg; m c is the mass of cement, kg; m i is the mass of ice grains, kg; and m w is the mass of water, kg. In order to analyze the effect of the slurry concentration and ice-water ratio on the internal temperature and strength of the backfill body, slurry concentrations of 74%, and 76% [31] , ice-water ratios of 0, 1:1, 6:5, 7:5, and 8:5, and a cement-sand ratio of 1:4 are adopted in the experiment. The compositions of slurry for various proportions are shown in Tables 2 and 3 . 
Experimental Test
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Experimental Results and Analysis
The temperature distribution, cooling capacity and uniaxial compressive strength of ice-added backfill specimens were analyzed at different ice-water ratios and different slurry concentrations, respectively. 
The temperature distribution, cooling capacity and uniaxial compressive strength of ice-added backfill specimens were analyzed at different ice-water ratios and different slurry concentrations, respectively. Taking the backfill specimen at a slurry concentration of 74% and ice-water ratio of 6:5 as an example, the temperature field distribution in the cube module was analyzed, and the ambient temperature was controlled at 22 • C.
Effect of
The curves of temperature changes with time at different temperature measuring points on two horizontal planes are shown in Figure 4 . It can be seen that a large number of ice grains will melt and absorb heat, resulting in a lower temperature inside the test module at the early stage of the experiment. In addition, because the heat release rate of the cement hydration reaction is fast, and the difference between initial slurry temperature and ambient temperature is large at the early stage, the heat transfer effect is obvious and the temperature variation inside the backfill slurry is significantly great at this stage. The temperature variation of each measuring point decreases gradually as the experiment goes on, and finally tends to level off. The temperatures of different measuring points at the same time are compared, and it can be seen that the farther away from the central point, the higher the temperature will be on the same horizontal surface. 
Experimental Results and Analysis
The temperature distribution, cooling capacity and uniaxial compressive strength of ice-added backfill specimens were analyzed at different ice-water ratios and different slurry concentrations, respectively.
Effect of Ice-Water Ratio on the Properties of the Backfill Body

Temperature Distribution
(1) Temperature distribution characteristics of a single specimen Taking the backfill specimen at a slurry concentration of 74% and ice-water ratio of 6:5 as an example, the temperature field distribution in the cube module was analyzed, and the ambient temperature was controlled at 22 °C.
The curves of temperature changes with time at different temperature measuring points on two horizontal planes are shown in Figure 4 . It can be seen that a large number of ice grains will melt and absorb heat, resulting in a lower temperature inside the test module at the early stage of the experiment. In addition, because the heat release rate of the cement hydration reaction is fast, and the difference between initial slurry temperature and ambient temperature is large at the early stage, the heat transfer effect is obvious and the temperature variation inside the backfill slurry is significantly great at this stage. The temperature variation of each measuring point decreases gradually as the experiment goes on, and finally tends to level off. The temperatures of different measuring points at the same time are compared, and it can be seen that the farther away from the central point, the higher the temperature will be on the same horizontal surface. The curves of temperature changes with time at different temperature points on three vertical lines are shown in Figure 5 . The temperatures at the same time of different temperature measuring points on any one vertical line are analyzed, and the distribution characteristics of low temperatures near the center are presented. Compared with the temperature distribution on horizontal planes, the temperature change rate is also greater at the initial stage and decreases gradually as the experiment goes on. At the beginning of the experiment, the temperature of each measuring point undergoes a pattern of decreasing and then increasing. Since the temperatures of tailings, cement and water are close to ambient temperature in the experiment, the temperature will be slightly decreased after adding ice grains to form backfill slurry. The temperature starts to rise under the effect of cement hydration heat release and heat transfer between the mold and external environment after the ice grains are melted. At the end stage of the experiment, the temperature of each temperature measuring point will be higher than the ambient temperature, because the hydration reaction inside the backfill slurry is still ongoing in this period, and the heat storage inside the test mold is higher than the heat exchange between the mold and external environment. To sum up, the distribution of temperature field in the inner cube test module has the characteristics of low central temperature and high surrounding temperature, because the temperature change rate is fast at the early stages of the experiment and gradually decreases after 3 h.
pattern of decreasing and then increasing. Since the temperatures of tailings, cement and water are close to ambient temperature in the experiment, the temperature will be slightly decreased after adding ice grains to form backfill slurry. The temperature starts to rise under the effect of cement hydration heat release and heat transfer between the mold and external environment after the ice grains are melted. At the end stage of the experiment, the temperature of each temperature measuring point will be higher than the ambient temperature, because the hydration reaction inside the backfill slurry is still ongoing in this period, and the heat storage inside the test mold is higher than the heat exchange between the mold and external environment. To sum up, the distribution of temperature field in the inner cube test module has the characteristics of low central temperature and high surrounding temperature, because the temperature change rate is fast at the early stages of the experiment and gradually decreases after 3 h. Under the conditions of 74% slurry concentration and different ice-water ratios, the change in average temperature with time for backfill specimens is analyzed. The changes in average temperature with time are shown in Figure 6 , and it is shown that the overall variation law of average temperature is similar to that of the temperature of each measuring point in backfill specimens with time. It also shows that the temperature change rate is faster at the early stage and decreases gradually towards the end stage. The ice-water ratio has a certain effect on average temperature: when the ice-water ratio increases from 1:1 to 8:5, the average temperature decreases successively. At the same slurry concentration, the greater the ice-water ratio, the greater the mass of ice contained in backfill slurry, and the lower the corresponding average temperature. For an ice-water ratio of 0, the temperature increases firstly with time and then decreases slightly. The reason for this change is mainly because of the rate of cement hydration reaction. [32, 33] (2) Comparison of temperature characteristics for specimens at different ice-water ratios Under the conditions of 74% slurry concentration and different ice-water ratios, the change in average temperature with time for backfill specimens is analyzed. The changes in average temperature with time are shown in Figure 6 , and it is shown that the overall variation law of average temperature is similar to that of the temperature of each measuring point in backfill specimens with time. It also shows that the temperature change rate is faster at the early stage and decreases gradually towards the end stage. The ice-water ratio has a certain effect on average temperature: when the ice-water ratio increases from 1:1 to 8:5, the average temperature decreases successively. At the same slurry concentration, the greater the ice-water ratio, the greater the mass of ice contained in backfill slurry, and the lower the corresponding average temperature. For an ice-water ratio of 0, the temperature increases firstly with time and then decreases slightly. The reason for this change is mainly because of the rate of cement hydration reaction [32, 33] . 
Cooling Capacity
The purpose of ice-added backfill is to realize mining and deep mine cooling at the same time. The cooling capacity of ice-added backfill mainly includes two aspects: one is latent heat absorbed by the melting of ice grains, the other is sensible heat absorbed by water temperature rise after the ice grains melt into water.
The latent heat of melting ice grains is expressed as Q1, and the sensible heat of water temperature is expressed as Q2. They can be calculated as follows:
where q is the melting heat of ice grains, q = 3.35 × 10 5 J/kg; CW is the heat capacity of water, CW = 4.2 × 10 3 J/(kg·°C); T init is the average temperature of multiple temperature measurement points in the backfill specimen at 0 h, in °C; and T end is the average temperature of multiple temperature measurement points in the backfill specimen at 24 h, in °C. The total heat absorbed by the ice-added backfill body is expressed as Q. Considering the difference of mass in the slurry preparation, the heat absorbed by the unit mass slurry is defined as the cooling capacity, and can be calculated as follows: 
where φ is the cooling capacity; and Q = Q1 + Q2. Figure 7 shows the cooling capacity of backfill specimens. For ice-free backfill slurry, the temperature continues to rise due to the cement hydration heat release, so the cooling capacity is a negative value. The ice-free backfill body does not have the cooling capacity defined in this paper. It can be seen that the cooling capacity of ice-added backfill is far greater than the heat generated by the cement hydration reaction at the same time. For ice-added backfill specimens, the cooling capacity increases as the ice-water ratio increases successively from 1:1 to 8:5. The cooling capacity at an ice-water ratio of 8:5 is 14.5% higher than that at a ratio of 1:1 for the backfill specimens at a slurry concentration of 74%. 
The latent heat of melting ice grains is expressed as Q 1 , and the sensible heat of water temperature is expressed as Q 2 . They can be calculated as follows:
where q is the melting heat of ice grains, q = 3.35 × 10 5 J/kg; C W is the heat capacity of water, C W = 4.2 × 10 3 J/(kg· • C) T init is the average temperature of multiple temperature measurement points in the backfill specimen at 0 h, in • C; and T end is the average temperature of multiple temperature measurement points in the backfill specimen at 24 h, in • C. The total heat absorbed by the ice-added backfill body is expressed as Q. Considering the difference of mass in the slurry preparation, the heat absorbed by the unit mass slurry is defined as the cooling capacity, and can be calculated as follows:
where ϕ is the cooling capacity; and Q = Q 1 + Q 2 . Figure 7 shows the cooling capacity of backfill specimens. For ice-free backfill slurry, the temperature continues to rise due to the cement hydration heat release, so the cooling capacity is a negative value. The ice-free backfill body does not have the cooling capacity defined in this paper. It can be seen that the cooling capacity of ice-added backfill is far greater than the heat generated by the cement hydration reaction at the same time. For ice-added backfill specimens, the cooling capacity increases as the ice-water ratio increases successively from 1:1 to 8:5. The cooling capacity at an ice-water ratio of 8:5 is 14.5% higher than that at a ratio of 1:1 for the backfill specimens at a slurry concentration of 74%. 
Compressive Strength Analysis
At present, the most basic requirement of mine backfill technology is to meet the intensity requirement of mine backfill. [34] [35] [36] In the tailings backfill technology, uniaxial compressive strength at 28 days is required to be greater than 1 MPa, so the ice-added backfill bodies must also meet the requirements of the uniaxial compressive strength test [37] [38] [39] [40] . In the test, standard cylindrical specimens with a diameter of 50 mm were made using backfill slurry of different proportions. After 14 days of constant temperature and humidity curing, the uniaxial compressive strength of backfill specimens corresponding to each proportion was measured. As can be seen in Figure 8 , when the slurry concentration is 74% and 76% respectively, the uniaxial compressive strength decreases gradually as the ice-water ratio increases from 1:1 to 8:5. When cement solidifies, there will still be some ice grains that are not completely melted, which will form a small cavity inside the backfill body. This affects the pores inside the backfill body and thus affects the compressive strength of the backfill body. However, the minimum value is still higher than 1 MPa, which meets the basic mechanical performance requirements of mine backfill technology. At the same time, the analysis of the obtained data shows that the changes in uniaxial compressive strength of backfill under different proportions are various. The uniaxial compressive strength values of ice-free backfill were used as contrast values. The uniaxial compressive strength values of backfill at ice-water ratios of 1:1, 6:5 and 7:5 are higher than that of ice-free backfill at a slurry concentration of 74%. The melting time of ice grains is uncertain after the ice grains are added to the backfill slurry. According to the analysis of uniaxial compressive strength, the mass of ice grains will affect the mechanical properties of the ice-added backfill body, although the uniaxial compressive strength of the ice-added backfill specimens decreases with the increasing ice-water ratio. The uniaxial compressive strength values of backfill specimens at ice-water ratios of 1:1 and 6:5 are greater than those of ice-free backfill, and the backfill body at an ice-water ratio of 1:1 has the maximum uniaxial compressive strength. 
Effect of Slurry Concentration on the Properties of Backfill Body
In order to analyze the effect of slurry concentration on the performance of the ice-added backfill body, the backfill body specimens at different slurry concentrations for the same ice-water ratio were selected.
Temperature Distribution
Under the conditions of ice-water ratios of 0, 1:1, 6:5, 7:5 and 8:5, the variation of average temperature inside the backfill body at different slurry concentrations is compared in Figure 9 . Compared with the ice-added backfill specimens, the average temperatures of ice-free backfill bodies at two concentrations are relatively close. This is because the initial temperature of the ice-free backfill body is higher, the temperature difference between the early and the end stage of experiment is small, and the heat conduction and heat convection between backfill specimens and external environment through the wall of cube test module are not obvious. At the two different slurry concentrations of ice-free backfill bodies, the average temperature decreases at the end stage of the experiment. According to the characteristics of hydration reaction rate of cement in different periods, hydration reaction gradually weakens at the end stage, so the average temperature decreases. For ice-added backfill bodies, when the ice-water ratio is the same, the higher the slurry concentration, the higher the average temperature. From the change of average temperatures with time, the average temperatures are different for backfill bodies at different concentrations, the temperature of the backfill body at a slurry concentration of 74% is slightly lower than that at a slurry concentration of 76%, which is due to the fact that the backfill body at a slurry concentration of 74% contains more ice grains and has more cooling capacity at the initial stage. At the same time, it was found that the variation of temperature rise rate with time is different for backfill bodies at different concentrations. This is because the heat release rate of the cement hydration reaction is affected by both time and temperature: different temperatures of backfill bodies at the same time leads to different heat release rates, and then the subsequent temperature rise is different [41] .
Cooling Capacity
At the same ice-water ratio, the cooling capacity of backfill specimens at different slurry concentrations is shown in Figure 7 . It can be seen that for the same ice-water ratio, the greater the slurry concentration, the smaller the cooling capacity. The reason for this is that the greater the slurry concentration, the more the mass of tailings and cement in the backfill slurry, and the less the mass of ice grains added, therefore, the latent heat absorbed by ice grains and the sensible heat absorbed by water will be less. For the ice-added backfill specimens at different ice-water ratios, the increased degree of each group's backfill specimen cooling capacity is different. When the ice-water 
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Cooling Capacity
At the same ice-water ratio, the cooling capacity of backfill specimens at different slurry concentrations is shown in Figure 7 . It can be seen that for the same ice-water ratio, the greater the slurry concentration, the smaller the cooling capacity. The reason for this is that the greater the slurry concentration, the more the mass of tailings and cement in the backfill slurry, and the less the mass of ice grains added, therefore, the latent heat absorbed by ice grains and the sensible heat absorbed by water will be less. For the ice-added backfill specimens at different ice-water ratios, the increased degree of each group's backfill specimen cooling capacity is different. When the ice-water ratio is 8:5, the cooling capacity of the backfill specimen at a slurry concentration of 74% is 16.1% more than that of the backfill specimen at a slurry concentration of 76%. When the ice-water ratio is 7:5, the cooling capacity of the backfill specimen at a slurry concentration of 74% is 7.3% more than that of the backfill specimen at a slurry concentration of 76%. The cooling capacity of backfill specimens at a slurry concentration of 74% is on average 10.8% more than that of backfill specimens at a slurry concentration of 76% for the all ice-added backfill specimens.
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Compressive Strength Analysis
As can be seen in Figure 8 , the higher the slurry concentration, the higher the uniaxial compressive strength. A higher slurry concentration contains a larger mass of tailings and cement, especially the latter. Because the cement in backfill slurry mainly plays a role of consolidation and solidification, the mass of cement added directly affects the strength of the backfill body. [42] That is to say, the consolidation and solidification effect is more obvious at higher slurry concentrations. For the ice-added backfill specimens at different ice-water ratios, the increased degrees of each group's backfill specimens' uniaxial compressive strength are different. When the ice-water ratio is 8:5, the uniaxial compressive strength of the backfill body at a slurry concentration of 76% is 18.3% more than that of the backfill specimen at a slurry concentration of 74%. When the ice-water ratio is 7:5, the 
As can be seen in Figure 8 , the higher the slurry concentration, the higher the uniaxial compressive strength. A higher slurry concentration contains a larger mass of tailings and cement, especially the latter. Because the cement in backfill slurry mainly plays a role of consolidation and solidification, the mass of cement added directly affects the strength of the backfill body [42] . That is to say, the consolidation and solidification effect is more obvious at higher slurry concentrations. For the ice-added backfill specimens at different ice-water ratios, the increased degrees of each group's backfill specimens' uniaxial compressive strength are different. When the ice-water ratio is 8:5, the uniaxial compressive strength of the backfill body at a slurry concentration of 76% is 18.3% more than that of the backfill specimen at a slurry concentration of 74%. When the ice-water ratio is 7:5, the uniaxial compressive strength of the backfill body at a slurry concentration of 76% is 5.8% more than that of the backfill specimen at a slurry concentration of 74%. For the all ice-added backfill specimens, the uniaxial compressive strength of backfill specimens at a slurry concentration of 76% is on average 9.4% more than that of backfill specimens at a slurry concentration of 74%.
Error Analysis
In the measurement and data analysis of temperature, errors are inevitable. Errors mainly involve random errors and systematic errors in measurement, as well as the introduction of indirect measurement data error transfer in data analysis. Direct measurement error mainly includes random error, systematic error and gross error. For direct measurement error, the root mean square error is used, as shown in Equation (7):
where σ is the root mean square error; n is the number of measurements; x is the average value of the measured data.
As shown in Table 4 , the environmental temperatures from five parallel experiments were taken as an example to calculate the ϕ. Indirect measurement error is mainly the error existing in the calculation of cooling capacity. The maximum absolute error of indirect measurement parameters can be calculated according to Equation (8) :
where ∂f ∂x i is the error transfer coefficient; ∆x i is the absolute error of direct measurement; ∆y is the absolute error of indirect measurement.
According to Equations (3)-(6), the error transfer coefficients for cooling capacity are calculated as:
The temperature of the backfill specimen at a slurry concentration of 74% and an ice-water ratio of 1:1 was analyzed. In this case, T end is (23.552 ± 0.38) • C, and T init is (3.892 ± 0.38) • C. It has been calculated that the maximum relative error is 1.28%.
Conclusions
In this paper, an experimental facility for measuring the temperature distribution of ice-added backfill slurry is established, and the temperatures of backfill slurry with different proportions were measured. Based on the analysis of the temperature distribution, cooling capacity and uniaxial compressive strength of backfill specimens, the following conclusions can be drawn:
(1) Based on the temperature distribution in the horizontal plane and vertical line for the ice-added backfill specimens, it is evident that the temperature increases gradually from the center to the periphery for the overall temperature distribution of the backfill body. The temperature change rate at each measurement point of the backfill body is relatively large in the initial stage, and the temperature change rate gradually decreases as the experiment progresses. The variation of average temperature with time has the same rule for all backfill specimens. (2) At the same slurry concentration, the greater the ice-water ratio, the greater the cooling capacity and the smaller the uniaxial compressive strength. The uniaxial compressive strength of the ice-free backfill body is less than that of many ice-added backfill bodies at different ice-water ratios, and the uniaxial compressive strength is greatest when the ice-water ratio is 1:1. At the same ice-water ratio, the slurry concentration is positively correlated with the average temperature and uniaxial compressive strength, and negatively correlated with the cooling capacity. For the all ice-added backfill specimens, the cooling capacity of backfill specimens at a slurry concentration of 74% is on average 10.8% more than that of backfill specimens at a slurry concentration of 76%. The uniaxial compressive strength of backfill specimens at a slurry concentration of 76% is on average 9.4% more than that of backfill specimens at a slurry concentration of 74%. (3) At the same slurry concentration, the mechanical properties of backfill bodies at ice-water ratios of 1:1 and 6:5 are better than those without ice grains, yet the greater the ice-water ratio, the better the cooling capacity. On the contrary, the higher the slurry concentration, the worse the cooling capacity. The effect of the slurry concentration and ice-water ratio on cooling capacity and mechanical properties was considered: for an ice-water ratio of 1:1, the cooling capacity of the backfill body at a slurry concentration of 74% is 11.3% higher than that of the backfill body at a slurry concentration of 76%. For a slurry concentration of 74%, the cooling capacity of the backfill body at an ice-water ratio of 6:5 is only 1.4% higher than that of the backfill body at an ice-water ratio of 1:1, however, the required ice grain mass increases by 8.9%. Therefore, it can be judged that an ice-water ratio of 1:1 and a slurry concentration of 74% is the optimal proportion in this study. 
